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INTRODUCTION

The undersea environment places special demands on the design of electro-optic and
fiber-optic systems. Isolation of the optic'] system from the rigors of the deep ocean through
encapsulation in hermetically sealed pressure containers is one solution to the problems faced
by the electro-optical engineer who is interested in sub-surface deployment. An alternative
approach which avoids the bulk and inconvenience of pressure containers and associated
pressure hull penetrators is to design the electro-optic system to perform satisfactorily in a
fluid-filled, pressure-equalized package which subjects the components to the ambient
pressure encountered at depth.

At the heart of any fiber-optic system are the light source and the source-to-fiber
coupling arrangement. This report focuses on these components, with the primary emphasis
placed on the hydrostatic pressure behavior of the source and source-fiber interface. Two
types of LED sources were studied: the Spectronics SE0352 surface emitter and the RCA
C301 23 edge emitter. Figures I and 2 show the coupling geometry used for the surface and
edge emitters, respectively. Both sources were coupled to step-index optical fiber having the
following specifications:

core diameter 100 Jim
outside diameter 140 pm

numerical aperture (N.A.) 0.3

Several characteristics of the source and the source-fiber interface were examined
under conditions which simulate those found in a fluid-filled, pressure-equalized enclosure.
Optical coupling efficiency, defined to be the ratio of power coupled into the fiber core to
the total power emitted by the source, was measured in air and compared to data obtained
in a imIeral oil ambient. Immersion in a high-index medium such as mineral oil (n = 1.501
was expected to change the coupling efficiency by altering the effective N.A. of the fiber and
the emission characteristics of the LED. Potential changes in the output rise and fall times
of the LEDs due to pressure-induced effects on the fundamental material properties of
(,;AlAs were also investigated. Lastly, the emission spectra of the two LEDs were recorded
at pressure to determine whether lattice compression would significantly affect the distribu-
tion of light power vs wavelength.

TEST'APPARATUS AND PROCEDURES

Hydrostatic pressures froni 0 to 10 000 psi were obtained with a conventional hand-
actuated piston and check-valve pump which I )rced mineral oil into a pressure vessel
equipped with electrical penetrators. Optical .ignals were transmitted out of the pressure
vessel through a pressure-bearing window in the upper end closure. Hydraulic oil tempera-
ture was measured as a function of oil pressure under simulated IITD test conditions using
a thermoc(mple situated near the center of the pressure vessel interior. The temperature
could not be rnomtored during the course of the optical measurements due to a limited
number of electrical penetrators.
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Measurements of tile optical power coupled into tile fiher core were obtained with a
PIN photodiode attached to tile cleaved fiber end. LED forward current (DC) and coupled
PIN photocurrent passed through the pressure vessel by way of penetrators in the lower
end closure. A 3-cm section of the fiber was stripped and coated with black paint in order
to extinguish power in the fiber cladding modes.

Output rise and fall times were determined with tile aid or a pressure-tolerant driver
circuit which resided in the pressure vessel. An internally located driver circuit avoided tile
impedance irregularity encountered at tile pressure vessel electrical penetrators, which may
have hampered attempts at measuring short rise times. This circuit ( Figure 3) consisted of
an FCL multivibrator followed by a three-stage aiplifier, all the components of which were
selected for their insensitivity to hydrostatic pressure. The drive signal was a 50-percent-duty-
cycle I -Ni, square wave which delivered 200 mA of forward current with rise and fall times
of approximately I ns. Optical power from the cleaved fiber end was collimated with a 1 '4-
pitch, graded-index rod lens. transmitted through the glass window in tile end closure, and
focused onto a high-speed photodetector mun11ted outside of the pressure vessel IFigure 4).
Detection of the output signal \as achieved with a PIN diode followed by a transimpedance
amplifier whose bandwidth limited the photodetection rise time to about 3 ns. A Tektroiix
4X5 oscilloscope having , I -ii rise time was used to record the rising and falling edges.

Spectral information was gathered using , grating i monochromafor to a naly ze tile
optical signal emanating from ile pressure vessel. A I-ktz sq uare wave drove tile LLD to
forward current levels of I 50 mA. and the rt.,ultmi g optical pulses were collimated, passed
through tile pressure vessel windm%. and tocused out tile lmoiiochromator entrance slits. The
Output signal from the monochroilator '.,as dtctl s nIchrolnousl\ v mean\ ll s of" a lock-in

amplifier tuned to the I -kH, L. I1) drive signal.

RESULTS

COUPLED POWER

According to Gilbert". immersion In a high-index mcditi, as compared to air, should
significantly increase lic Co inplig efficiencge-emiting LID. Our measurements

indicate, however, only a I -dB change in coupled power for the RCA ('30123 edge emitter
when this device is immersed in mineral oil. Gilbert predicts a 2.7-dB increase in coupling
er'ficiencv for edge emittfers in silicone oil (1 = 1.48 ). It should be not ed. however, that
;ilbert's calculation assumes a ha t . perpendicular filber end tace. Since our measurements were

made with a lensed fiber end. one may expect a smaller increase in coupling efficiency follow-
ing oil immersion. although Ihis y) polthesis ias no been checked in detail. The surface
emitter showed a much smaller increase in coupling efficiency. about 0.35 dH in an oil
ambient, than the edge emitter.

Application of hydrostatic pressure affected the coupling effi'iency of (lie surface
emitter to an immeasurably small extLenl. Figure 5 shows a plot of tile coupled power, with
constant forward current, for the Spectronics SF0352 ,Isirtac'e emilcr at pressures up to
10000 psi. Data gathered preceding and following 10 pressure cycles to 2 000 psi showed
constant coupling efficiency for all pressures of interest. F"igure 6 reveals somewhat different
pressure behavior for Ihe edge emiller. Before pressure cycling. lite coupling efficiency
decreased hy about 1.2 dB trmm 0 h I O00 psi. I-o 1Willg IO pressure cycles to 2 000 psi,
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the pig-tailed edge emitter stabilized and showed only an 0.4-dB decrease in coupling
efficiency while undergoing a pressure increase of 10 000 psi. This behavior is probably due
to small voids in the epoxy bond between the fiber and the V-block which compress and
perturb the LED-to-fiber alignment. Pressure cycling causes the epoxy to settle into a more
pressure-insensitive configuration, which maintains the LED-to-fiber relationship.

RISE AND FALL TIME

Oscilloscope traces of the amplified photodetector outputs are shown in Figures 7 and 8.
For both LED types, the rise time was found to be within the manufacturers' specifications
for the entire pressure range from 0 to 10000 psi. In fact, no change in the LED rise time with
increasing pressure could be discerned for either LED. Interestingly, the fall times for both
LED types were found to be shorter than the rise timt s. Again, no pressure-induced changes
in the fall time could be detected. Higher pressures are apparently needed in order to produce
measurable changes in intrinsic device characteristics, such as junction capacitance and
recombination lifetime, which determine LED rise and fall times.

SPECTRAL DISTRIBUTION

Figures 9 and 10 are plots of the optical output power as a function of wavelength for
both LEDs at 0 and 10 000 psi. A small but measurable shift in the spectral distribution can
be seen. In both cases, the shift is of the order of 20-30 A towards shorter wavelengths and
can be attributed to a pressure-induced increase in the radiative bandgap of GaAIAs.

TEMPERATURE

For reference, the temperature of the hydraulic oil is shown in Figure I I as a function
of oil pressure. Within the error of the measurement, which was determined primarily by
fluctuations in the thermocouple reference temperature, the oil temperature remained constant
over the pressure range of interest.

CONCLUSIONS

Hydrostatic pressure of the magnitude encountered in any conceivable undersea applica-
tion is not likely to degrade the performance of either of the LED types studied here. In fact,
the purelyoptical effects of the oil medium on the characteristics of the LED and the LED-
fiber interface are usually greater than the effects attributable to hydrostatic pressure. Empha-
sis should, therefore, be placed on selecting a pressure-equalizing fluid which does not
adversely interact either chemically or optically with the electro-optic system.
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